Abstract
MATERIALS AND METHODS

12
Study area
14
We conducted our study in four Mediterranean communities near Barcelona (NE Spain),
15
whose geographic coordinates are given in Table 1 . Distance between sites ranged from 10 to 16 66 km. The climate is Mediterranean, with a strong sea influence. Summers are dry and most 17 precipitation occurs in spring and autumn. Weather conditions are very similar across the four 18 sites (Table 1) . We studied the vast majority of the entomophilous species in each community,
19
without selecting species based on their flower traits or pollinator visitation patterns (Table 1) .
20
Therefore our plant sample was unbiased and representative of the flora of the region. Some 21 species were present in more than one community. In these cases, we sampled flower colour 22 and pollinator composition of each population separately (total: 85 species, 109 populations). Pollinator data were obtained throughout the main general flowering period in the study area 2 (February-July). Very few species bloom in August. Each species was surveyed on several 3 days covering its entire flowering period. In two communities (CA and CO), pollinator 4 surveys were carried out by slowly walking along 25-or 50-m-long x 1-m-wide vegetation 5 transects. This was done several times throughout the day, from early morning to evening. In 6 the other two communities (GA and PA), selected individuals of each plant species in bloom 7 were observed during 4-or 5-minute periods every 1-2 h. All insects observed contacting the 8 reproductive organs of flowers were identified by sight and recorded. Pollinators were 9 assigned to one of six taxonomic groups: bees, ants, wasps, coleopterans, dipterans and 10 lepidopterans. From these surveys, we characterized the pollinator assemblage of each plant 11 species in each of the four communities as the proportion of visits from each pollinator group. Flowers of each species were collected and transported with a portable cooler to the 16 laboratory, where they were temporarily placed in a cold room at 4ºC. Flower reflectance 17 spectra were measured using an USB4000 spectrometer with a USB-DT deuterium tungsten 18 halogen source (Ocean Optics Inc., Dunedin, FL, USA) connected to a computer running 19 SpectraSuite (Ocean Optics). The light spectrum analysed ranges from 300 to 700 nm divided 20 into 0.22 nm intervals, and the spectrometer sensor was fixed at an angle of 45º from the 21 measuring area. Petals were mounted on an adhesive tape to obtain a flat surface, thus 22 minimizing reflectance variability due to uneven distances between the petals and the sensor.
23
For small flowers, we had to use several petals from different flowers to cover the entire 24 measuring area. Some species had corollas displaying two or more clearly different colours. We characterized flower colour using two sets of variables: colour descriptors and "colour 17 composition". Colour descriptors (brightness, chroma and hue) are physical properties of 18 colours extracted directly from the reflectance spectrum (Endler 1990; Smith 2014) .
19
Brightness is a measure of the total intensity of light reflected by a surface; chroma is a 20 measure of purity or saturation of a colour, and it is a function of how rapidly intensity 21 changes with wavelength; hue, represents the usual meaning of colour (such as red, pink, 22 yellow, etc.), and it is a function of the shape of the spectrum. These three colour descriptors 23 were calculated following Smith (2014) . To obtain "colour composition", we divided the 24 reflectance spectrum into 4 broad bands of 100 nm each (300-400, 400-500, 500-600, 600-1 majority of the inflection points in floral reflectance spectra are located near 400, 500 and 600 2 nm (Chittka and Menzel 1992). Roughly, the first band corresponds to the UV part of the 3 spectrum, the second to the blue-violet, the third to the green-yellow and the fourth to the 4 orange-red (henceforth U, B, Y and R bands). We calculated the proportion of the reflectance 5 spectrum attributable to each band, obtained by dividing the brightness of each band by the 6 total brightness of the sample. By using the proportion, instead of the raw values of brightness 7 of each band, we avoid differences between chromatically equivalent spectra, i.e., spectra 8 with the same shape but different brightness (Endler 1990) . It is important to note that flower 9 colours result from the combination of reflectance levels across the spectrum. For example, 10 white flowers reflect from 400 to 700 nm and yellow flowers from 500 to 700 nm. Lilac-pink 11 flowers reflect in the blue and red regions with a variable proportion in the yellow region, and 12 purple flowers reflect in the UV, blue and red regions of the spectrum (see Table S1 13 for all species together. CCAs were performed using the function "CCorA" in the R package To test whether flowers with similar colours had similar pollinator assemblages, we 8 conducted a partial Mantel test between distance matrices of colour composition (combination 9 of the proportion of the four colour bands) and pollinator assemblages, including the 10 phylogenetic distance matrix as covariable. We then followed the same approach to test the 11 association between pollinator assemblages and the other colour variables (brightness, 12 chroma, hue). We used Bray-Curtis distances between pairs of species for pollinator 13 composition and colour composition, and Euclidean distances between species for brightness, 14 chroma and hue. These analyses were done for each community separately and for the four The four communities showed a high degree of similarity in flower colours. The most 10 common floral colour in the four communities was lilac-pink (30-50% of the species), 11 followed by white (16-29%) (Table S1 [ Supplementary Information]) . UV-yellow flowers 12 were also well represented (14-24%), although they were lacking in GA. Yellow (12-15%), 13 purple (4-9%) and green (4-6%) flowers were less frequent. The association between colour 14 categories and pollinator composition is shown in All colour descriptors considered showed significant phylogenetic signal when the four 19 communities were pooled together (Table 2) . In most cases, however, significance was lost 20 when the communities were analysed separately, possibly due to small sample sizes. In all 21 cases, K and Kmult values were lower than 1, indicating that related species were less similar 22 than expected under the Brownian motion evolution model. 1 and 2). Visual inspection of the resulting biplots revealed that some of these patterns were 3 relatively consistent across the four communities (Fig. 1, Table 4 ). Results from the partial Mantel test showed no significant association between flower colour 13 and pollinator assemblages (Table 3) . Plants with similar colour descriptors, including colour 14 composition, did not attract similar pollinator assemblages in any of the communities, and 15 similar results were obtained when data from the four communities were lumped together. 2003). Phylogenetic signal for flower colour was mostly lacking when we analysed the four 23 communities separately, but when all species were lumped together all colour properties 24 measured showed significant phylogenetic signal (related species were more similar in colour 25 than expected from a random association between species and colours). Notwithstanding this 1 influence of phylogeny on flower colour, the fact that all K values were lower than 1 indicates 2 that similarity among related species tends to be lower than expected under Brownian motion. We analysed the colour preferences of the pollinator groups present in our communities.
[Supplementary Information]).
12
Results of the CCAs showed notable coincidences among communities and provided 13 compelling evidence for the association between pollinator groups and certain colours. These 14 associations were less clear in the communities with lower number of plant species, but were 15 very apparent when the results of all 109 populations were lumped together (Fig. 2) . various sources to assign one of eleven described visual systems to each pollinator species.
19
Then they calculate 'colour matching' for each plant-pollinator pair as a measure of how a 20 floral colour stands out from the environment for each visual system. They find that colour 21 matching influences generalization in one of three regions studied. However, they also find in general, and the strong influence of these other factors in particular, support our conclusion 25 that even though pollinator colour preferences seem to be conditioning plant-pollinator 1 interactions, the selective force behind these preferences may not been strong enough to 2 mediate the appearance and maintenance of tight colour-based plant-pollinator associations. Martín González and V. Flo) helped during pollinator surveys. We are also grateful to C- Galbany-Casals for their assistance during different phases of the study. We also thank two Table 4 . Relationships between pollinator groups and the different floral colours in the four 1 communities and overall (data of the four communities lumped together) estimated visually 2 from the CCA biplots of Fig. 1 for the four communities and Fig. 2 for the overall tendencies. Figure S1 . Phylogenetic tree of the 85 species surveyed. Colour dots represent the colour 2 category of each plant species (see colour legend in Fig. 1 ). 
